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BEACH MOBILITY TESTS ON 50,000-POUND-CAPACITY,

ROUGH-TERRAIN CONTAINER HANDLERS

I. INTRODUCTION

In October 1977, beach mobility tests were conducted on the Clark Model 475 and the
Marathon LeTourneau LeTro Porter Model 2684. The results of these tests were reported
in MERADCOM Report 2241, dated April 1978. The conclusions were that the per-
formance of both of these vehicles was as predicted by the model and in some cases better
than predicted. Large, radial tires resulted in a low-ground-bearing pressure. Reduced
tire-inflation pressures improved performance.

The present report includes the Beach Mobility tests conducted at the Naval
Amphibious Base, Little Creek, Virginia, in June 1978 on the Clark Model 475 and the
Caterpillar Model 988B, 50,000-pound-capoeity Rough-Terrain Container Handlers. The
Clark vehicle was tested to determine its performance in sand having a dry sand layer on
top (Figures 1 and 2). The tests with this vehicle conducted in October 1977 were on
essentially moist sand. The Caterpillar vehicle was tested for general sand mobility and
slope performance (Figures 3 and 4). Both vehicles were equipped with Michelin radial
tires. Two different tread depths of the same tread design were tested on the Caterpillar
vehicle.

II. INVESTIGATION

The test procedures for slope tests and soil sampling are the same as reported in
MERADCOM Report 2241, "Beach Mobility Tests on 50,000-Pound-Capacity, Rough-
Terrain Container Handlers," dated April 1978.

Soil moisture and density data along with grain size distribution for this test and
previous tests are included in Appendix A. Appendix B is a list of all the 50-k RTCH
vehicles tested and their flotation index values.

III. DATA ANALYSIS

The results from the tests conducted on the Clark vehicle in October 1977 and the
present test (June 1978) are plotted in Figures 1 through 4 of Appendix C. The data
scatter in the present test was less than in the data from the October 1977 test. The
agreement of the present test data was better than the previous test when compared to the
predicted performance. The Cone Index (CI) average for the 0- to 6-inch layer was used in
the data reduction. Based upon the agreement of the data with the predicted perfor-
mance, 0- to 6-inch layer appears to be the critical layer. This indicates that the depth of
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the dry sand layer is important. Cone Index readings were also taken in the tracks. In-
dications were that, after 6 inches, there was a marked difference in CI readings which
also supports a 0- to 6-inch critical layer.

The Modified Cone Index Mobility Model (MCIMM) was used to predict the perfor-
mance of the vehicle for various tire-inflation pressures and load conditions (Figures 1
through 4, Appendix C). The solid line curves correspond to the maximum negotiable
slope ( S....) as a function of Cone Index (CI), obtained from the MCIMM model. The
actual data points are plotted on the predicted performance curves. The data indicate
that the Clark vehicle performed much better than the predicted values.

The Caterpillar vehicle was tested first with deep tread tires. The vehicle was marginal.
The predicted performance was much higher than the actual test results
(Figures 1 through 14 in Appendix D). The second test was made with normal depth tread
tires to reduce some of the effect of the more aggressive tread. Performance was improved.
Under no-load conditions, the vehicle performed better than the predicted performance
(Figures 1 through 7); however, when the vehicle was loaded, a lack of torque at the
wheels was noticed. This lack of rim pull resulted in poor performance (Figures 8 through
14). After investigation, it was found that the engine did develop sufficient torque, but
the mismatch of torque converter caused reduction in transfer of power to the wheels.

The Flotation Index (FI) values for both Clark and Caterpillar vehicles are approx-
imately the same (Appendix B). Under no-load conditions, the performance of both
vehicles was similar, however, under loaded conditions the Caterpillar vehicle did not
perform as well as the Clark vehicle because of lack of power at the wheels. This suggests
that the Caterpillar vehicle would be equivalent in performance to the Clark vehicle if the
Caterpillar vehicle had sufficient power at the wheels.

IV. CONCLUSIONS

The test data on Clark and Caterpillar vehicles does validate the Modified Cone Index
Mobility Model (MCIMM) using Cone Index (CI) for 0- to 6-inch layer.

The model does not take into account type and depth of tire treads. However, the test
data indicate that the treads do affect the actual mobility performance of vehicles in the
sand. Deep aggressive treads reduce sand mobility compared to normal tread depths.

The mobility model relates sand parameters to vehicle parameters resulting in Vehicle
Flotation Index factor with preassumption that sufficient power is available at the driv-
ing wheels to prevent stall.
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APPENDIX A

SOIL MOISTURE AND DENSITY DATA

AND

GRAIN SIZE DISTRIBUTION

(1978, 1973, 1974, 1977 Tests)

7i



Soil Moisture and Density Data

Moisture Content
Dune (%) Density (lbf/ft3 ) Depth of Dry Layer

Year No. 0-3 in. 6-9 in. 0-3 in. 6-9 in. (in.)

1973 9 0-2.7 1.9-3.1 - 95 3-5
1974 9 1.3-3.4 2.2-3.5 91-100 93-103 3-5
1974 10 1.1-3.1 1.7-3.5 88-96 89-97 3-5
1975 10 0.4-1.5 2.4-2.8 94-95 92-96 3-4
1975 rear 1.0-4.4 2.0-3.9 88-101 86-98 3-4
1977 9 1.5-5.5 1.7-3.9 90-97 95-106 0-4
1977 10 1.0-5.5 1.1-4.4 91-97 95-102 0-'4
1977 rear 0.4-2.2 1.3-3.6 93-99 94-102 0-'/

1978 3 1.84.8 2.6-3.9 89-99 89-98 0.5-1.5
1978 9 2.04.2 2.5-4.3 94-97 90-97 0.5-1.5
1978 9 2.1-3.9 2.1-3.6 96-100 92-102 0.5-1.5
1978 10 0.9-3.5 1.6-3.5 89-96 90-100 0.5-1.5
1978 10 2.9-3.9 2.6-4.0 96-98 97-101 0.5-1.5

8
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Soil Moisture and Density Data

1973 Soil Moisture and Density Data

Density Descriptive Moisture
Moisture Content (%) (lbf/ft3 ) Classification

Station Surface I to 3 in. 6 to 9 in. 6 to 9 in. Surface Subsurface

A. Drawbar Lane

0+00 0-1.0 0.5-1.0 1.0-3.0 91-98 Dry Slightly Moist
1 + 00 0.1.0 0.0.0.5 1.0-3.0 90-96 Dry Slightly Moist
2+00 0-1.0 0.4-1.6 1.5-3.0 87-97 Dry Slightly Moist
3 + 00 0-1.5 0.6-2.0 1.5-3.0 88-96 Dry Slightly Moist
4 + 00 0-1.0 1.0-3.0 1.0-3.0 87-95 Dry Slightly Moist
5 + 00 0-1.2 1.0-2.7 1.0-4.0 82-98 Dry Slightly Moist

10+00 0-0.5 1.3-1.8 3.04.0 98 Dry Slightly Moist
11 + 00 0-0.5 1.1-1.7 1.0-3.0 92 Dry Slightly Moist
12+00 0-0.5 1.0-2.0 1.0-3.0 95 Dry Slightly Moist
13 + 00 0-0.5 2.0-2.4 2.5-2.9 88-97 Dry Slgihtly Moist
14 + 00 0-0.5 1.0-3.0 2.0-4.0 91-98 Dry Slightly Moist

Slope No. B. Prepared Slopes

1 0-0.5 1.5-3.0 2.6-3.2 95-97 Dry Moist
2 0-0.5 0.8-2.2 2.1-2.7 95-96 Dry Moist
3 0-0.5 1.3-2.4 2.2-2.9 96-97 Dry Moist
4 0-0.5 1.7-2.8 2.6-4.6 96 Dry Moist
5 0-0.5 1.0-2.2 2.4-4.0 95-96 Dry Moist
8 0-0.5 2.5-3.0 3.3- - Dry Moist
9 0-0.5 1.5-2.7 1.9-3.1 95 Dry Moist

12
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1973 Grain Size Distribution

Grain Size Distribution (Average Values)

Depth Percent Fines by Weight for U.S. Standard Sieve Numbers

(in.) No. 10 No. 20 No. 40 No. 60 No. 100 No. 200

A. Station 0 + O0 thru 6 + 00

I to 3 99.7 94.3 50.0 4.8 0.4 0.2
6 to 9 99.7 94.6 52.2 5.4 0.5 0.2

B. Station 10 + 00 thru 14 + 00

1 to 3 98.6 90.3 54.8 10.8 0.8 0.2
6 to 9 99.1 89.7 47.4 8.1 0.6 0.2

1974 Soil Moisture and Density Data

Moisture Content (%) Density (Ibf/ft')
Slope No. 0-3 in. 6-9 in. 0-3 in. 6-9 in.

1 2.3-2.9 2.8-3.2 92-97 91-96
2 1.8-3.2 2.9-3.7 89-97 91-96
3 2.2-2.7 3.0 91-96 95-96
4 1.6 2.7-3.1 90-95 94-95
5 2.2 3.0 93 93
8 1.1-3.9 2.8-3.9 90-99 91-96
9 1.3-3.4 2.2-3.5 91-100 93-103

10 1.1-3.1 1.7-3.5 88-96 89-97

1974 Grain Size Distribution

(Average Value 0- to 9-Inch Depth, Slopes 1-10)

Percent Fines by Weight for U.S. Standard Sieve Numbers

Sieve Number

10 20 40 60 100 200

Percent Fines 98.8 90.3 49.2 12.6 0.75 0.25

13



Soil Moisture, Density, and Grain Size Distribution

1977 Soil Data

Dry Density
Moisture (%) (Ibf/ft 3 )

Date STA Dune Vehicle 0-3" 6-9" 0-3" 6-9"

5 Oct 77 0+20 1-rear area Le Tro Porter 2.2 2.4 93.8 97.7
5 Oct 77 0+20 2-rear area " - 2.1 - 100.0
5 Oct 77 0+42.5 1-rear area " 1.0 3.1 94.1 90.9
5 Oct 77 0+37.5 3-rear area " 1.0 3.6 96.0 98.4
6 Oct 77 0+55 3-rear area " - 1.3 99.4 94.4
6 Oct 77 0+35 3-rear area " 0.4 2.3 94.2 94.7
6 Oct 77 0+89 10 " 1.02 2.4 95.9 101.7
6 Oct 77 1+15 10 " 1.7 1.1 95.8 94.8
9 Oct 77 0+75 9 " 1.5 2.3 94.1 98.4
9 Oct 77 0+65 9 3.2 3.2 92.8 95.8

11 Oct 77 0+48 9 " 3.0 2.6 93.1 100.0
12 Oct 77 0+52 9 " 5.5 2.9 93.9 97.5
12 Oct 77 0+65 10 " 5.5 3.6 93.2 99.2
17 Oct 77 0+60 10 " 3.5 3.2 92.0 96.8
17 Oct 77 0+40 9 Clark 2.4 3.7 91.9 99.5
18 Oct 77 0+52.5 9 " 3.5 3.5 94.9 100.3
18 Oct 77 0+78 10 " 3.3 3.8 91.2 99.1
18 Oct 77 0+58 10 " 2.9 3.3 90.7 98.4
18 Oct 77 0+42 9 " 2.6 3.5 95.0 98.0
19 Oct 77 0+59 9 " 2.2 3.1 96.8 98.0
19 Oct 77 0+79 10 " 2.1 3.8 97.0 99.1
19 Oct 77 0+58 9 " 1.7 2.7 96.2 101.4
19 Oct 77 0+68 10 " 2.1 3.0 95.1 "100.0
20 Oct 77 0+64 9 " 2.9 3.0 94.7 105.7
20 Oct 77 0+65 9 " 2.0 3.1 93.8 96.1
21 Oct 77 0+74 10 " 2.5 4.4 91.7 98.9
21 Oct 77 0+52 9 " 1.9 2.2 92.6 98.0
25 Oct 77 0+87 9 2.1 1.7 90.9 96.0
25 Oct 77 0+69 10 " 2.8 2.1 91.1 94.0
27 Oct 77 0+62 10 Le Tro Porter 3.8 4.1 90.9 96.4
27 Oct 77 0+52 9 " 3.3 3.8 92.1 99.3

14
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Flotation Index Values

Bias/
Vehicle Tire Size Ply Radial Load GVW ALI. ALK TP- TPR Fl

Cat 824B 29.5x29 40 Bias 0 110,350 44,700 65,650 90 62 104.6

-1- I 62 35 59.3
- -t zi 50 35 54.5
50 160,400 133.000 27,400 50 35 76.95

L FT 62 35 83.75
IF 90 62 157.4

Radial 0 110,350 44,700 65.650 90 62 47.9
-.... t 62 35 27.2

50 160,400 133,000 27,400 90 62 47.0
62 35 26.6

Clark 475 37.5x39 44 Radial 0 173.600 98.960 74.640 85 50 37.6

- i zi , 65 30 24.3

50 226,720 186,140 40,580 85 50 37.4
:3 1 [ # 65 30 24.2

Bias 0 173,600 98,%0 74,640 85 50 140.8

f t I t_ 65 30 91.1
50 226,720 186,140 40,580 85 50 220.1

fti77fl 65 30 142.737.25x35 36 Bias 0 173,600 98,960 74,640 65 30 88.1

t * 50 226,720 186,140 40,580 65 30 138.1

Marathon 32.9x35 36 Radial 0 123,970 86,226 37,744 63 30 23.1
LeTourne u 75 30 25.4

75 40 29.3
85 40 31.8
85 50 36.3

50 173.970 153.559 20,411 63 30 22.6
75 30 24.9

75 40 28.7

85 40 31.

2 85 50 35.5

Cat 988 36.2x33 36 Radial 0 114,000 52,300 61,700 70 28 24.3

z .t I .t 85 50 37.4
18 0 59 800 48000 70 28 23.8

._4_ 85 50 36.7

17



Flotation Index Values
(Cont d)

Vehicle Tire Size PY Radial Load GVW ALF ALg TPF TPR Fl
Cat 988fl .,50 164 000 135.800 28,200 70 28 24.7

i t IF 85 50 34.91168,000 143,000 25.000 70 28 22.6
85 50 27.2

0 114,000 90 62 45.3

62 35 25.3
118.000 90 62 44.5

62 35 24.9
50 164,000 90 62 44.9

- I - "62 35 23.4

168,000 "C) 62 42.2

_____ 62 35 23.6

18
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Clark 50K Jun 78

Data Calc
CIO. 6  Data ', S for 9 S for

Avg % S CI=I 10 CI=110 TPF/TPR Load

108 14.3 14.5 13.5 85150 0

100 15.2 16.4

108 15.2 15.4

123 15.4 13.99
84 15.5 18.9
86 !14.3 1 7.4 1 3.5 50

95 17.8 19.6 __ ___

53 15.4 24.6

111 13.7 t13.6 15.2 85/40 50

I10 17.3 17.3
128 15 7 1.

92 17.2 19.4

113 18.8 18.5 15.1 0

114 19.4 18.95

145 18.9 15.4
122 18.8 17.5
137 16.9 14.1 15.7 80/40 so

126 17.5 15.8

104 17.2 17.9

71 16.5 22.0

71 16.8 22.3 15.6 0
91 14.7 17.1

100 14.9 16.1

108 18.8 19.0
102 20.2 21.1 16.1 75/40 0

130 14.0 11.9 16.2 50

108 20.2 20.4 16.1 0
110 14.6 14.6 16.2 50

122 17.5 16.2 16.1 0

137 15.4 12.6 16.2 50

141 18.7 15.6 16.1 0

119 17.1 16.1 16.2 50

93 17.7 19.8 16.7 70/40 50
134 17.3 14.8

98 17.8 19.2

153 19.0 14.9

118 16.8 15.9 16.6 0

134 19.6 17.1 - --

138 18.0 15.2
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Clark 50K Jun 78
(Cont'd)

Data Cac1
C10.6  Data % S for rV S for
Avg %S ClIl10 CI110 TPF/TPRI

133 20.3 17.9 70/40 0

122 18.3 17.0 17.1 65/40 50 - . ...

101 19.2 20.2
80 20.1 24.1 1

118 17.8 16.9 _ _

95 22.7 24.5 17.1 0

106 21.1 21.6 _

133 21.5 19.1

123 20.2 18.8

137 21.3 18.5 18.9 65,30 0
118 23.8 22.9
114 21.7 21.3
106 21.0 21.5

100 19.3 20.5 19.0 50
119 18.7 17.7
123 19.0 17.6
145 18.0 14.5 LE
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CLARK 50K LOADF
JUN 78

25- Ln

20 *

-5
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o 0

5 10 15 20

SMAX (CALCULATED FOR CI 110)
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CLARK NO LOAD
JUN 78

25-

In

*n o

20-@:

CD 0*

~15-

C

Ii

Lu.

~10-

5 -

0
5 10 15 20

$MAX (CALCULATED FOR CI 110)
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APPENDIX D

CATERPILLAR 50-k RTCH

MASTER DATA SHEETS

PERFORMANCE CURVES

COMPARISON OF ACTUAL AND PREDICTED PERFORMANCE
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CATERPILLAR 50K
30- NO LOAD

*DEEP TREAD
A, NORMAL TREAD

25

20 90 psi F
55 psi R

15-

SMAXA

M%

10-

5S -

00

CONE INDEX (04 AVG)

.5-
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CATERPILLAR 50K
30 NO LOAD

o DEEP TREAD

ANORMAL DEPTH

25

80 psi F

20 55 ps R

A

15

SMAX
M% 00

10

5

0
50 100 150 200

CONE INDEX (0-6 MVG)

.5 -
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CATERPILLAR 50K
30- NO LOAD

* DEEP TREAD
& NORMAL TREAD

25

75 psi F

20 -55 psi Rt

15

SMAX

10 0

00

101015 0

-5
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CATERPILLAR 50K
30 -NO LOAD

*DEEP TREAD
ANORMAL TREAD

25

65 psi F
55 psi R

20

15

SMAX

10 0

5

0
50 100 150 200

CONE INDEX (0-6 AVG)

.5J
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CATERPILLAR 50K
30- NO LOAD

* DEEP TREADj
A NORMAL TREAD

25 * BACKWARDS RUN

65 psi F
50 psi R

20

15
SMAX

SMA

10 0*-

5

0
50l 100 150 200

CONE INDEX (04 AVG)

.5 -
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CATERPILLAR 50K
30 -NO LOAD

*DEEP TREAD
ANORMAL TREAD

25
65 psi F
45 psi R

20

AIL

15-A

SMAX

5

0
50 100 150 200

CONE INDEX (0.6 AVG)
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CATERPILLAR 50K
30- NO LOAD

*DEEP TREAD
ANORMAL TREAD

25 -60 psi F
45 psi R

20 A

£ A

15

SMAX

10 0

00

CONE INDEX (0-6 AVG)

.5J
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""ROP am -F.P 9

CATERPILLAR 50K
30- LOADED

*DEEP TREAD
ANORMAL TREAD

25

90 psi F
20 -55 psi R

15 A
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10 
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0
50 100 150 200

CONE INDEX (0-6 AVG)

-5

45 i



CATERPILLAR 50K
30 -LOADED

o DEEP TREAD
A NORMAL TREAD

25
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55 psi R

20

15
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()A hA
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.5J
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30 CATERPILLAR 50K
30- LOADED

*DEEP TREAD
SNORMAL TREAD

25
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20

15

SMAX -

100

5 0
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CATERPILLAR 50K
30 -LOADED

*DEEP TREAD
£NORMAL TREAD

25
65 psi F
55 psi R

20

15
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00

CONE INDEX (0-6 AVG)
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CATERPILLAR 50KI
30 -LOADED

* DEEP TREAD
& NORMAL TREAD

25 65 psi F
50 psi Rt

20-

15 -
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10 0

00

50 100 150 20
CONE INDEX (046 AVG)j
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CATERPILLAR 50K
30 -LOADED

*DEEP TREAD
ANORMAL TREAD

25 -65 psi F
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CATERPILLAR 50K
30 -LO A D ED D E R A
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Catemiflar 50K Jun 78
...... _ Deep Tread

C 0 .6  Data %D~or % 5fo
Avg %S C1=I10 Cl-ito TpyTP, Load -

107 7.8 8.1 12.2 905S 0
87 6.2 9A .1 ..

133 7.4 5.0 ..

112 7.0 6.8
119 7.6 6 .
97 6.6 8.2 13.5 0 5- -

134 5.5 30 14.5 80/55 50 _

114 11.4 10.95 13.2 -0-_ ____

113 15.5 15.
115 132 126

118 11.3 10.4 __

128 89 7.-

128 1 8._

68 11.2 17.2
105 9.1 9.7 _ . .

138 7.8

149 7.19 -

140 6. 3 --

_"2 97. 

102 709 10

157 1 13.3 .-
76....72.5 11. 15.9 { 50_

79 7.9 L 12.1I

137 11.4 8.6[

89 7.9 10.6
155 11.0 6.7

103 7. . 16.7 65/50 -SO
160 10.4 5.7 F I

79 7. 2.1 -_

107 10.4 10.7- -- - - - -

89 .3 0.952 ~....... .

89 1. 56 1.

101 9.7 10.8- -

120 8.2 7.1 -

107 9.6 9.9

S2



Catemillar $0K Jun 78 (Cont'd)
Deep Tread

CI1- Data %'DPor %7-io
Avg %S CI-110 C110 TPF/TP, Load

109 9.7 9.8 15.4 65/s0 0
112 9.2 8.97 15.4 65/50 - - -

73 6.0 11.1 16.3 65/45 0

110 8.2 8.2

136 9.4 6.7 I
131 8.3 6.1
128 .7 6.8

85 71 10.3 17.6 s

86 7.6 10.7

88 8.1 10.9

106 S.3 S.8I_
83 12.3 15.8 T
75 14.0 18.8 16.7 60145

134 7.0 4.5
165 10.3 5.2 f
124 7.9 k.4
168 16.6 11.3 !8 .149 8.9 5.1 18.1 so0

112 13.7 12.4 _

119 12.6 11.6
142 13.0 9.8

128 10.4 8.5 _

I T _ _

*Test b&d. W jcwl i pdum. I

3



CATERPILLAR NO LOAD
JUN 78
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25-
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20-
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CATERPILLAR 50K LOAD
JUN 78

DEEP TREAD
25-

20-

W-

15

n %

~ 5

in

51 10152
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Cateiawr 50K Jun 78

•Nqnn.I Trod.

- C -Dat- Cak

Cl- 4  Data %S for % S for
Avg %S Cl- 110 Ci 110 TPF/TPLt LOad

103 10.3 11.1 13.S 90ss -

82 14.1 17.8 

79 14.8 18.95
101 9.3 10.4 1 1
78 16.2 20.5 12.2 0
83 12.6 16.1

93 17.6 19.7
104 16.1 16.8
127 13.4 11.6 13.2 805

163 13.8 8.9
139 13.6 10.7. .
97 16.4 17.97 I

154 11.9 7.7 14.5 50

11 -11- 10.97
146 1 1.9 8.4,,

so 10_4 14.4

163 12.0 7.1 15.0 7555, 50-
67 9.5- 15.7 _ -....

2 12.0 41 ...--..
100 9.1 10.3
135 14.1 11.5 13.1 0
120 18.0_ 16.9

116 13.7 13.0
123 *11.7 16.3-

155 17.5 13.2 15.9 65,5 50 - --

113 13.1 12.8 ...-...
15.8 17.1

130 13.3 11.2
121 17.0 15.8 14.6 -0 -

109 13.9 14.0
142 13.8 10.6- - - --
96 !.7.6 19.3

129 13.1 11.1 15.4 65,50 0
143 18.2 14.9 - - - - -

160... 137 9.0 - - - --

121 17.6 16.4

182 13.2 6.9 16.7 so - .-.-
154 .14,9 ,10.7 .
124 12.2 10.7 i

56



Catemillar 50K Jun 78
Nnnmsi Tmm.

Dm mCai

C 0 4  Data %S for % S for
Avg %S CI= 110 Cl-110 TPp/TPI. Load

96 16.7 18.4 16.7 65/50 so
168 11.9 6.6 17.6 6545 50--
86 16.4 19.5

110 13,3 13.3
7S 16.0 .0..8 ----

128 14.8 129 16 3

103 19.3 20AI

141 15.8 12.7

101 19.1 20.2

14.7 16.0 18.1 6,045 50
124 16.6 15.1

133 16.2 13.8

140 16.5 13.5
17718 18.7 12.7 16.7 o ,_ 0
138 18.9 16.1 -

151 21.4 17.4
163 19.9 14.96

S72

- - - - - - - - - - - - - - -

- - - - - - - - - - - - - - -

- m- - - . -

-i-m- - - - - - - - - - - -

- - -- ----

-[i - - - * -i

I i man7



CATERPILLAR NO LOAD
JUN 78
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n Ln

~In l
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CATERPILLAR 50K LOAD
JUN 78

NORMAL TREAD
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Lnn

LA* I?
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LUn

LU S

C)10-
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0 -T-

5 10 15 20

SmAx (CALCULATED FOR CI 110)
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